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System Analysis for Application of Operation at Reduced Temperature in YGN 3,4
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Abstract

Primary Water Stress Corrosion Craking(PWSCC) is one of the main reason threatening the
integrity of steam generator(SG). The rate of PWSCC increases logarithmically with the
temperature of reactor coolant. In order to delay the replacement of SG and save the O&M
cost, it is decided to apply Operation at Reduced Temperature(ORT) in YGN 3,4 which is
equipped with In-600 SG tube and is operating with the highest coolant temperature in the
world. In this study, the system performance of YGN 3,4 is analyzed by sensitivity analysis to
decide the operating condition of ORT. The 612°F of hot-leg coolant temperature which can
maintain the 100% of reactor power without the modification of Turbine-Generator(TG)
hardware is selected as the economical initial operating condition for ORT. Considering the
possibility of power uprating and the experience of ORT application at Palo Verde plants, the
611°F of hot-leg coolant temperature is decided as the analysis condition for ORT.
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8}3] W3] XIEE TE #A48& A5 ¥ 457] 89 SAAEE V|FoE AT
E£3], 8 $AHFRA 1 &H 259 49 Hot Leg 1/29] temperature control channel, narrow
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<HE-1> G937 3457 YAAAT +d 2 HAA A8 v

Parameters Design Value' Present Value"
Design Thermal Power, MWt 2825 2828
Coolant Flow Rate, Ib/hr 1215 x 10° 131.33 x 10°
Cold Leg Temperature, Operating, °F 564.5 563.9
Average Temperature, Operating, °F 592.85 590.35
Hot Leg Temperature, Operating, °F 621.2 616.8
Normal Operating Pressure, psia 2250 2240

Note : (1) 100% H&3 A& 21 8% #=E 71%)
(2) 8¢ A% 437 SAXE



<E-2> 9B 3457 VLAY £A 8 HA AR M@

Parameters Design Value Present Value™"
Primary Side Flow Rate per SG, 10° 1b/hr 60.75 65.67
Primary Side Inlet Temperature, °F 621.2 616.8
Primary Side Outlet Temperature, °F 564.5 563.9
Primary Side Operating Pressure, psia 2250 2240
Feedwater Temperature, °F 450 454
Steam Flow, 10° Ib/hr 6.36 6.39
Steam Dome Pressure, psia 1070 1086

Note : 8¥ 9% 435 7] &4 AE 7|F

FA8H7] A LB HALE(Tre)E Yo 48t Ao <ad-1>2 F% 34357 &
Ao $ALEE el Fa Yrh old waEwW Trefe 5904FZ §AHI o 1ed L&
AAA 621°FRTE 42°F B2 6188FZE AHL Utk F, A AFA 942 3, 4 57 L
o] AfE ol AAEAEG ¥E I2ALE FALAS APt dnka = & A
<E-2>9] FUEAVIY BeE FEF 227 AAA 450 Fol] Hls) o 4 °F 52 AL & F
Atk FHF 27t AAAED A4 $XEHE 4L & & flov 9% 3, 457 AFAETAE
BIABlAM FF5 57} 453.6 °F - 456.6 FYS & 4 gtk AAY FF5 &4 £=7)
AAANEG =4 detde A2 9% 3457] 23 Alge] 44 2 5402t gdsng 3
ou AdE 44 golgt B 5 Utk 7

621.2
616.8
592.85
590.4
570
568
564.0 564.5  563.9
562
552
(%)
90 100

<a¥-1> @ 9P 3457 LAY



L]—, ‘=’/\~l A= 5]_7§

<¥E-3>E SAFE == RA§ 9 Aotk FHE YAA AF02RY /8478 43S
olgstel AW YAE FFL AU DAL ABE 9F 3457 F7247) AFL o83
gov wugd AGw A met AR Qole Ao} 9o, T GFL TAFHL BF
BT Zolg nHEFAUY

<¥-3> 3= BY§ 9Y AB

Parameter SG1 SG2

Heat Load per SG (Rx Power + RCP Power), MWt 1413 1415

Primary Flow Rate, 10° Ib/hr 65.72 65.81

Primary Inlet Temperature 616.8 616.8

Primary Outlet Temperature 563.9 563.9

Economizer Feedwater Flow Rate, 10° Ib/hr 5.736 5.671

Downcomer Feedwater Flow Rate, 10° Ib/hr 0.713 0.769

Blowdown Flow Rate, 10° 1b/hr 0.053 0.053

Feedwater Temperature, °F 454.8 4541

Steam Pressure @Steam Dome, psia 1085.55 1086.54

Number of Active Tube 8162 8194

249 g FY3 gYo] ANEE SAFE ZEo) AduAN dA) £AF 27

A9 Aolg wawste] ZEE nANAh 24E ¢4 ABE Hgse AND AAWH
0E F719e <ag-2>o yedidoh 33 S0l sigstes dgd el SG1 SG29)
g dole= 47 6352 ft.(FEH = = 8162), 63.74 ft.(AEH 4 = 8194)0|Z A HA Z7]LA 7|
o) W@ A ZolQl 6355 fr.o} Wl¢ A ATRE Be F3 Ak ARE EHME AW
208 6352 f2 Hg3te] A% 5—&1—% ST 241 SG1, SG2¢) UA= ke abe 358

psid, 35.7 psido]a, AAtE e Z+Z 371 psid, 369 psidez AAE o] A3 Ho 47
3.5%, 3.3% AA YEIR O, SAFE & 9] b A (£5%) Wl Aol &A= AH4S,5].
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T, BHHAFAAS SV g8 gy, H47] g8 dd &3 A5E o83t
ANE =S 10413 MWeolth6]. AA7E(10495 MWe)Hth= 82 MWe #-o ZAxjolny,
Blowdown flow7} AA ¢} & 0.82%]32 Condenser #-<to] 218HgAJS n#e uw A9 d
T e #Holth. dRFAA S48 ==t 102853 MWest Hlud 739 1.24% & Aoy A
AZ7) BHEY(Q NS weSA THB m=9) ANADE A8 A0 Baac

<¥-4> 937 3457 U= B4 gHYEY QHAE

No. Description Design Data Site Data

1 SG Inlet Flow, Ib/hr 12,745,440 12,888,200

2 SG Outlet Flow, Ib/hr 12,720,000 12,782,400

3 BD Flow, % 0.2 0.82

4 Throttle Pressure, psia 1,035.0 1,053.0

5 Throttle Enthalpy, Btu/Ib 1,188.71 1,188.05

6 Condenser Pressure, HgA 1.5 218

7 Throttle Flow, 1b/hr 12,140,845 12,189,136

8 Generator Output, MWe 1,049.5 1,041.3

9 Site Generator Output, MWe - 1,028.53

10 | Deviation, % - 1.24%

11 | &%, °F 450.0 454.0
o eANs BE 24
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1L S/G AR =E WA A7 5/G =79 S/G &
°E #eE | 929 [ gaga| Agegx| = = CUR FNeE
°F % MWt %Qd | Mlbm/hr °F psia 10° Ib/hr
0 2825 108.0 131.33 563.9 1086.0 6.41
1 2825 107.8 131.10 563.8 1083.4 6.41
616.8 2 2825 107.6 130.88 563.7 1080.7 6.41
(@A) 4 2825 107.3 130.54 563.6 1075.6 6.40
6 2825 106.9 130.09 563.4 1070.0 6.40
8 2825 106.5 129.64 563.2 1064.2 6.40
614 1 2825 107.8 131.71 560.7 1055.0 6.40
0 2825 108.0 132.36 558.6 1037.6 6.39
1 2825 107.8 132.13 558.5 1035.1 6.39
2 2825 107.6 131.90 558.4 1032.5 6.39
612 4 2817 107.3 1315 558.4 1029.6 6.36
6 2803 106.9 131.0 558.5 1026.9 6.33
8 2788 106.5 130.5 558.5 1024.2 6.30
0 2817 108.0 1325 557.6 1029.7 6.36
1 2810 107.8 1323 557.7 1028.7 6.35
611 2 2804 107.6 132.0 557.7 1027.2 6.33
4 2792 107.3 131.6 557.8 1024.5 6.31
6 2777 106.9 131.1 557.9 1022.1 6.27
8 2762 106.5 130.6 558.0 1019.5 6.24
0 2792 108.0 132.7 557.0 1024.9 6.31
1 2787 107.8 1324 557.0 1023.2 6.29
2 2779 107.6 1321 557.1 1022.1 6.28
610 4 2766 107.3 131.8 557.2 1020.0 6.25
6 2753 106.9 131.3 557.2 1017.2 6.22
8 2838 106.5 130.8 557.3 1014.7 6.18
609 1 2760 107.8 1325 556.4 1018.6 6.23
607 1 2711 107.8 1328 555.2 1006.9 6.12
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< 9% 3457 BAARE SAT dHAEt
B[ F7] -2 steam reheater, steam jet
ZH7] Ao F7¢AY] STREelth B
dTolA e dgvle HA dL2urt Ao 7Rt AR T1011]. o= 7] AA <A

FoM 7171 ARster Wase Ay FaEds WA AEd Hils st fES
3719 =13 BHle A7), BRl 2B ] Jje w2} @pxal Ay FehEe ERl 7]7]9
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ol g3, Bl 24 WEE ¢ 7

PE AEe @A HrleE ol F7E AAXACAA HEY Alo] WHES 9433 I
= el 2 & e AFOR Yol It oAl BN Srixde] dAxRdY ge s
W AAzACR &t FREIE s Aolth fatel] ALgE= 3 & (Flow Function)=
et wA A9 Fpolth < 6>9] WH JEE A¥ET 6127F9 2% A o3 B 612°F ©f
FellMe} ned 2= A R #UEE S wEl B ARV SIS € 5 A oA
Bl el o] Al 3 371 BN Bd77E 25 e8shy] S8 HYl 2dWErh dee
et wEbA o] ZeM= B ol 7] i BNl fd el sdsith Ly
WH NE=7F 100% 2 Ho 9= 612°F2] 4% #u5 o B 611F st = HR 9 fFo]
Rl relMe] fEFRg Ak ojAe ME AEE ¢ A= HEAY7E HYl J7
7 FEe BF a8 XE¥ue s gridt F, o] RhCAME AR 4FE 10002 &
Aol &rbsstth. wEhA BRIEAZ7E 88 & e 73 sFgete A2 dAR dFHs
Algkstar ol wreh 1A 4 R fEs Akl oAl B AlojlE Axe RYEH s
AFSHA 12 o] A dAR dEYo] Fol G FAo] FokA FVILAY] 4] 27 T
7VsHAl Hw olel wet S E R A MEel o7k A71A "k F 2k 100%
LR b
ke

=]
gol tdt A71Ee Atelr) s B Wl MEARS FAstelol s 7N
BEake daan.
%
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<ag-5>¢} <ag-6>2 1P 2% E FUEEo] wE EHuIHr] E¥o|u(13]. 123
25 Fho mE 7] Y Hahe S-S wet g2 HHAE 100%9) % F, ERIFYH
Fol Bl z@WHE & o]doAe ned % 4L % AYSE Fld wE gHuEy i
= etk 0% #BESE&S V|Foz vlud uw, 6168°Fol|A 612°FE 1P =& FAaA7|W
A7) £9L <F 5.3MWe 7tagith MH = 100%0]7d 5, BWIFY-FFo]l BYl 28wy g
oGl ME 2@ 2& E FHSE It wEt d7] EYo] 343 AT oA dA=R
&8-S "yl #d7)7F 100% 25 83514 Z3t7] WEolth. &, 1ed 2% A 3 #YS
& 72 Q% AVEE i AR dEY AR AT Y A 8] FriH & o
2 Fade Aotk



<#-6> EjRIAY] A7) 28 £

new | vy | A4z HP ST 57 B | we | HURd | @4
e | & | 99 | g7 | dgy | =)y | =9 | A= -Er%k +=

(F) | (8) | MW | (psia) | (Bru/ib) | (x10%Tb/hry| (MWe) | (%) | (x10°Ib/hr) | (°F)
0 285 | 1,0524 | 1,1880 | 1282 | 1,0432 | 942 | 1282 | 4505
1 285 [ 1,0496 | 1,1881 | 1282 | 1,0430 | 945 | 1282 | 4506
2 285 | 1,0468 | 1,1882 | 1282 | 1,0429 | 948 | 1282 | 4506
o8 285 | 1,041.6 | 1,1884 | 1280 | 1,0413 | 952 | 1280 | 4506
6 285 [1,0359 | 1,188.7 | 1280 | 1,0412 | 958 | 1280 | 450.6
8 2825 [1,0299 | 1,1889 | 1280 | 1,0409 | 964 | 1280 | 450.6
614 1 285 | 10203 | 1,189.2 | 1280 | 1,0403 | 974 | 1280 | 450.7
0 285 | 1,0024 | 1,1898 | 1278 | 1,0379 | 93 | 1278 | 450.8
1 2825 | 999.8 | 1,189.9 | 1278 | 1,0378 | 95 | 1278 | 450.8
2 285 | 9971 | 1,1900 | 1278 | 1,0376 | 99 | 1278 | 450.8
o 4 2817 | 9943 | 1,1902 | 1272 | 1,0348 | 1000 | 1272 | 4504
6 2803 | 9919 | 1,1903 | 1266 | 1,0315 | 1000 | 12.66 | 4499
8 2788 | 9894 | 1,1904 | 1260 | 1,0280 | 1000 | 1260 | 4495
0 2817 | 9944 | 1,1902 | 1272 | 1,0348 | 1000 | 1272 | 4504
1 2810 | 9935 | 1,1902 | 1270 | 1,0339 | 1000 | 1270 | 4502
. 2 2804 | 9922 | 1,1903 | 1266 | 1,0320 | 1000 | 1266 | 4499
4 2792 | 989.6 | 1,1904 | 1262 | 1,0290 | 1000 | 1262 | 4496
6 2777 | 9876 | 1,1905 | 1254 | 1,0251 | 1000 | 1254 | 4490
8 2762 | 9852 | 1,190.6 | 1248 | 1,0221 | 1000 | 1248 | 4486
0 2792 | 9900 | 1,1904 | 1262 | 1,0290 | 1000 | 1262 | 4496
1 2787 | 9885 | 1,1904 | 1258 | 1,027.0 | 1000 | 1258 | 4493
2 2779 | 9875 | 1,1904 | 1256 | 1,0259 | 1000 | 1256 | 4492
o 4 2766 | 9856 | 1,1905 | 1250 | 1,0225 | 1000 | 1250 | 4487
6 2753 | 9830 | 1,190.6 | 1244 | 1,0194 | 1000 | 1244 | 4483
8 2838 | 9809 | 1,1907 | 1236 | 10156 | 100.0 | 1236 | 4477
609 1 2760 | 9844 | 1,190.6 | 1246 | 1,0206 | 1000 | 1246 | 4484
607 1 2711 | 9735 | 1,191.0 | 1224 | 10068 | 1000 | 1224 | 44638
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